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Why b → s`+`− decays are interesting to search for NP ?

b → s`+`− transitions are loop-mediated in the Standard Model.
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New Physics processes could contribute significantly.
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Experimental status
Promising channels to search for NP.

JHEP 06 (2014) 133
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Deviations in differential branching fractions and angular observables.
LFU tests are mostly in agreement with SM hypothesis.

F. Volle (Birmingham) Beautiful and Charming baryon workshop 10th September 2024 3 / 31

https://arxiv.org/pdf/1403.8044.pdf
https://arxiv.org/abs/2107.13428
https://arxiv.org/abs/2302.08262
https://arxiv.org/abs/2003.04831
https://cds.cern.ch/record/2899589
https://arxiv.org/abs/1503.07138
https://arxiv.org/abs/1612.05014


Global Effective Field Theory fits
Global fits using different form factor predictions, different b → s`+`− observables, different
assumptions about the non-local matrix elements and different statistical frameworks.
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Consistent deviations of b → sµ+µ− observables with respect to SM prediction.
Start exploration of new b → sµ+µ− decay channel in less explored b-baryon

sector.
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https://indico.cern.ch/event/1166059/contributions/5305415/attachments/2655326/4598548/FPCP_2023_Talk.pdf


Λ0
b → pK−µ+µ− - my favorite decay
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PRL 115 (2015) 072001

Λ0
b → pK−J/ψ

Why ?

Most measurements performed with
b -meson decays.

b-baryons possess different
spin-structures.

Λ(1520) narrow and abundant
⇒ few Λ∗ contributions in
m(pK−) ∈ [1.47, 1.57] GeV/c2, which
are studied later.

Theoretical predictions are available
for the differential branching fraction
(BF) and form factors.

Focus on Λ(1520).

MoM model-independent measurement
including full m(pK−) spectrum is in progress.
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https://arxiv.org/abs/1507.03414
https://arxiv.org/pdf/1808.00264.pdf


Strategy Angular
fit model Λ0

b mass fit

Angular
acceptance

Angular
fit on data
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LHCb detector

• bb̄ production mostly in forward region

• Forward spectrometer with excellent tracking,
momentum resolution, particle identification and a
versatile and efficient trigger.
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LHCb MC

Some numbers

∗ Good vertex and impact
parameter resolution
σIP = 15 + 29/pT mm.

∗ Excellent momentum
resolution≈ 25 MeV/c2

for two-body decays.

∗ Excellent PID, e.g. µ ID
97% and π → µ misID of
1-3%.

∗ Versatile & efficient
trigger.
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Analysis strategy

Heff = − 4GF√
2

VtbV ∗ts
∑

i (CiOi + C′iO′i )

q2[GeV/c2] ∈
{[0.1, 3], [3, 6], [6, 8], [1.1, 6], [11, 12.5], [15, 17]}

Exploit full Run 1 and 2 dataset of
9 fb−1.
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Differential branching fraction and angular observables

(θ`, θp, φ) in helicity basis

Λ0
b assumed to be unpolarized.

JHEP 06(2019)136

d~Ω = d cos θ`d cos θpdφ

d4Γ

dq2d~Ω
=
∑

i

physicsi × kinematicsi

=
3

8π

∑
i

Li (q2, C, ƒƒ)× fi (~Ω)

C = Wilson Coefficients→ short distance
part→ sensitive to NP
ƒƒ = form factors→ long distance part

Observables :

Si =
Li + L̄i

d(Γ + Γ̄)/dq2
,Ai =

Li − L̄i

d(Γ + Γ̄)/dq2
,

A`FB =
3(L1c + 2L2c)

2(L1cc + 2(L1ss + L2cc + 2L2ss + L3ss))

A`FB is averaged over the Λ0
b and Λ̄0

b decays.
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https://arxiv.org/abs/1903.00448


Differential branching fraction measurement
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Good agreement in the high q2 bin. More theoretical work is needed to
understand the SM predictions in the low q2 bins.
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https://arxiv.org/abs/2302.08262


Theoretical prediction of angular observables

Binned angular observables using non-relativistic Quark Model (QM), Lattice QCD and joint
Lattice QCD and dispersive bound (DB) form factors.
Lattice QCD prediction available in q2 ∈ [16, 16.81] GeV2/c4 bin.

JHEP 06 (2020) 102, Int.J.Mod.Phys.A 27 (2012) 1250016, PRD 103 (2021) 074505, JHEP 02 (2023) 010.

Angular observable values using Lattice QCD + DB and QM form factor
predictions are in agreement with each other.
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https://arxiv.org/abs/1903.00448
https://arxiv.org/abs/1108.6129v3
https://arxiv.org/abs/2009.09313
https://arxiv.org/abs/2208.08937
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Angular PDF of Λb → Λ(1520)µ+µ− decays

Simplifications :
1 Heavy quark limit (mb →∞)
2 Normalization ( dΓ

dq2 = 1):
1/2L1cc + L1ss = 1
A`FB,3/2 = 3/4L1c

3 CP-average (Li → Si )

JHEP 06 (2019) 136, Eur. Phys. J. Plus 136 (2021) 614

PDFang,3/2 =

((
1− 1

2
S1cc

)(
1− cos2 θ`

)
+ S1cc cos2 θ` +

4
3

A`FB,3/2 cos θ`

)

×
(

1
4

+
3
4

cos2 θp

)
Angular PDF is only dependent on cos θ` and cos θp.
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https://arxiv.org/abs/1903.00448
https://arxiv.org/abs/2005.09602


But there is not only the Λ(1520) !

Problem: Presence of Λ(1520) and spin-1/2 Λ∗

resonances in m(pK−) window.

Idea: Separation by m(pK−) fit.

→ Need of relativistic Breit-Wigner to describe
Λ(1520) line shape.

→ Λ(1405) and Λ(1600) described together by
polynomial.
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Angular shape of Λ0
b → Λ1/2µ

+µ− (i.e. Λ(1405), Λ(1600))

Simplifications :
1 Strong decay :
α = 0

2 Normalization:
K1cc + 2K1ss = 1
A`FB,1/2 = 3/2K1c

3 CP-average

JHEP 01 (2015) 155

PDFang,1/2 =
1
2

(1− K1cc)
(
1− cos2 θ`

)
+ K1cc cos2 θ` +

2
3

A`FB,1/2 cos θ`

Angular PDF is only dependent on cos θ`.
K parameters encode information about Λ1/2 resonances in mpK window.
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https://arxiv.org/abs/1410.2115


Interferences between the Λ∗ resonances negligible ?

Strength of interferences not predicted by theory.

↪→ MC generator generates angular distribution
of Λ0

b → Λ∗µ+µ− with interfering Λ(1405),
Λ(1520) and Λ(1600) resonances.

↪→ Random phase combinations e±i(ϕ1520−ϕX )

generated to test different interference
hypotheses.

JHEP 02 (2023) 189

phase combi ∆ϕ1405 ∆ϕ1600

0 0.00π 0.00π
1 1.38π 1.93π
2 1.10π 1.61π
3 0.43π 0.62π
4 0.06π 1.38π
5 1.41π 0.70π

1.48 1.50 1.52 1.54 1.56

m(pK) [GeV/c2]

0

10

20

30

40

ar
b

.
u

n
it

s

0

1

2

3

4

5

1405

1600

1520

−1.0 −0.5 0.0 0.5 1.0
cos θ`

0.0

0.2

0.4

0.6

0.8

1.0

ar
b

.
u

n
it

s

−1.0 −0.5 0.0 0.5 1.0
cos θp

0.0

0.2

0.4

0.6

0.8

1.0

ar
b

.
u

n
it

s

No impact of interferences on m(pK−) since different quantum numbers.
Negligible impact on cos θ`.

Strong effect on cos θp even with small Λ1/2 amplitudes !
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https://arxiv.org/abs/2210.09988


Angular fit model including interferences

Angular PDF of Λ(1520) in HQ limit,
Summed angular PDF of the Λ∗J=1/2 resonances,
Interferences between the three Λ∗ resonances.

PDFInt,1/2
ang = f3/2
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)

The observables of interest are A`FB,3/2 and S1cc.
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Fit of dedicated MC samples

Fit MC samples with ∆ϕ1405 = ∆ϕ1520 = 0 hypothesis.
Projection of the Λ(1520), Λ1/2’s (including interference), total PDF .
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Interference terms cause PDFInt,1/2
ang to be negative in some corners of the

phase-space.
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Fit of dedicated MC samples without constraining
interference terms

Idea: Write PDFInt1/2
ang as one entire PDF to prevent from becoming negative.

But: Cannot separate easily into PDFang,1/2 and PDFang,3/2.
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Neither f3/2, nor 1− f3/2 constrain interference terms.
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How do the interferences change between the samples ?

Interference term values from the fit of the dedicated MC samples.
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The interference terms differ between all the MC samples.

The fit model is able to account for all the phase combinations.
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Stability of the angular observable fit values

Uncertainties are linked to sample size→ not scaled to data expectations.
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Although the different interference values, the fit is able to find the generated
values of A`FB,3/2 and S1cc .
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Strategy
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Λ0
b mass fit in the J/ψ bin to data

J/ψ unconstrained Λ0
b mass fit to the full Run 1 and 2 dataset.
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(b) Logarithmic scale

Λ0
b mass fit permits to subtract the background statistically.
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Λ0
b mass fit in the rare mode

Combinatorial background and signal only.
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(a) q2 ∈ [0.1, 3] GeV2/c4
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(b) q2 ∈ [3, 6] GeV2/c4
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(c) q2 ∈ [6, 8] GeV2/c4
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(d) q2 ∈ [11, 12.5] GeV2/c4
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(e) q2 ∈ [1.1, 6] GeV2/c4
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Strategy

[0.1, 3] [3, 6] [6, 8] [11, 12.5] [1.1, 6]
]4/c2 bins [GeV2q
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Angular acceptance model

Why? Selection and corrections disturb angular distribution,
which need to be accounted for.

(1) Generation of phase-space simulation samples, which
are flat in the angles.

(2) Apply full selection and corrections.
(3) Model unfactorized angular acceptance with Legendre

P` and Fourier Polynomials Pê as

ε(cos θ`, cos θp, φ) =
∑

ijk

cijk P`,i (cos θ`)P`,j (cos θp)Pê,k (φ).

(4) Calculate angular acceptance weights via Method of
Moments.

cos θ` and φ modeled with even orders up to 4,
cos θp with all orders up to 6.

⇓
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Extraction of angular acceptance

Exemple of q2 ∈ [3, 6] GeV2/c4 bin (top) and [8, 11] GeV2/c4 (bottom)
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Cross-check of angular acceptance event weights
(1 solid) Angular shape of simulation sample after selection and corrections.
(2 line) Applying the inverse of the angular acceptance weights to same
simulation sample should lead flat distributions.
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Strategy

[0.1, 3] [3, 6] [6, 8] [11, 12.5] [1.1, 6]
]4/c2 bins [GeV2q
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Angular fit of J/ψ control mode

Fits to background subtracted and acceptance corrected data with sWeights from
J/ψ unconstrained Λ0

b mass fit.
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A`FB compatible with zero within two standard deviations. X

Similar for the J/ψ constrained case.
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Conclusion and outlook

Studies of b → s`+`− decays receiving
attention since 15 years.

First angular analysis in Λ0
b → Λ(1520)µ+µ−

decays is developed.

Challenge of the analysis is the small sample
size.

Analysis with Run 1 and 2 data is statistically
dominated. ⇒ More data is needed to fully
exploit its potential.
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Thank you for you
attention!
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Appendix

Λ0
b production polarisation PL B 724 (2013) 27

Substantial Λ0
b polarization measured by production in e−e+ → Z 0 → bb̄.

If Λ0
b polarization non-zero, Λ0

b → Λ(∗)γ decays probe photon polarisation.

Assumption of equal polarisation between Λ0
b and Λ̄0

b.

Analysis of Λ0
b → J/ψΛ(→ pπ−) decays, produced in pp collisions.

Analysing 1 fb−1 in pp collisions at 7 TeV.

Λ0
b transverse production polarisation of 0.06± 0.07(stat)±0.02(syst).

Λ0
b production polarisation measured to be in agreement with zero.
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Appendix

Global Effective Field Theory fits

Global fits using different form factor predictions, different b → s`+`− observables, different
assumptions about the non-local matrix elements and different statistical frameworks.
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Appendix

LHCb sensitivity

“Ideal case scenario”: Sensitivity for Λ(1520) PDF only and without background.

F. Volle (Birmingham) Beautiful and Charming baryon workshop 10th September 2024 5 / 10



Appendix

Hypatia 2 NIM A, 764, 150 (2014)

Hyperbolic core of a crystall-ball like function G and two tails.
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Appendix

Two-dimensional scan of the angular PDF
Angular observables values are the SM values from FLAVIO, here for the
q2 ∈ [6, 8]GeV2/c4 bin.
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Angular observable SM values are close to the physical boundary of the PDF.
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Appendix

Relativistic Breit-Wigner line shape

|BWrel(mpK )|2 = q(mpK )p(mpK )

[(
q(mpK )

q(MΛ∗ )

)LΛb→Λ∗µµ
(

p(mpK )

p(MΛ∗ )

)LΛ∗→pK

× FΛb→Λ∗µµ(q(mpK ), q(MΛ∗ ), rΛb )
FΛ∗→pK (p(mpK ), p(MΛ∗ ), rΛ∗ )

M2
Λ∗ −m2

pK − iMΛ∗Γ(mpK )

]2

.

Γ(MpK ,MΛ∗ ) = Γ∗Λ

(
p(MpK )

p(MΛ∗ )

)2LΛ∗→pK +1 MΛ∗

MpK
F 2

Λ∗→pK (p(MpK ), p(M∗Λ ))

p, q Λ∗, K− momentum in Λb , Λ∗ restframe
F Blatt-Weißkopf form factors
rΛb , rΛ∗ Interaction radius of the Λb , Λ∗

LΛ∗→pK orbital angular momentum difference between p and K− in the Λ∗ → pK− decay
LΛb→Λ∗µµ orbital angular momentum difference between Λ∗ and the dimuon system in the

Λb → Λ∗µµ decay
MΛ∗ , ΓΛ∗ pole mass and width of Λ∗
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Appendix

Dominating systematic uncertainties from B0
s → φµ+µ−

Maximal systematic uncertainty with respect to statistical, called ∆usys/∆ustat in
q2 ∈ [1.1, 6] Gev2/c4 bin, from JHEP 11 (2021) 043.

Source ∆usys/∆ustat [%]

Signal mass model 6.2

Angular acceptance order 0.3
Simulation correction 9.6
PID correction 1.1

Angular background model 5.6
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Appendix

Expected sensitivity in the future

Including only Λ(1520) PDF, without Λ1/2 contribution or background.
Sensitivity with 9, 23, 50, 300 fb−1 of data from Eur. Phys. J. Plus 136, 614 (2021).

Run 3 could help to separate between SM and preferred NP model.
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